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1. Introduction 
Transfer RNA from extreme thermophilic bacteria 
is useful material for studies on the mechanism of pro- 
tein biosynthesis at high temperature and the structure- 
function relation of tRNA. There have been some re- 
ports on these problems [l-6] , but the exact nature 
of the RNA of thermophiles i not fully understood. 
In this work we used tRNA from an extreme thermo, 
philic bacterium Thermus thermophilus HB 8, isolated 
from a hot spring. This bacterium was formerly named. 
Flavobacterium thermophilum [7-g], and it can even 
grow at 85°C. The tRNA was found to contain 5-methyl- 
2-thiouridine (m’ s2 U) in the sequence G-m5 s2 U-G-- 
C-G. These findings trongly suggest that most of the 
ribothymidine normally present in the GT$C region is 
replaced by m5 szU in tRNA of this thermophile. The 
m5 s2 IJ is probably important for the capacity of the 
tRNA to synthesize protein at high temperature. 
2. Materials and methods 
2.1. Materials 
Thermophile tRNA was prepared from Thermus 
thermophilus HB 8 by Zubay’s method [lo] and fur- 
ther purified as described in the literature [111. RNase 
Ts was purchased from Sankyo Co. (Tokyo). E. coli 
alkaline phosphomonoesterase ndsnake venom pho- 
sphodiesterase w re obtained from Worthington Bio- 
chemical Co. 2-Thiouridine was synthesized as des- 
cribed by Brown et al. [12]. Authentic 5-methyl-2- 
thiouridine was prepared from 2’, 3’, 5’-triU-benzoyl- 
5-methyl-2-thiouridine which was kindly provided from 
Dr. M. Sano, Daiichi Pharm. Ltd. by alkaline debenzoy- 
lation and purified further by paper chromatography. 
Synthetic 2-thiouridine-5-acetic acid methyl ester was 
a gift from Dr. R. H. Hall of McMaster University. Thin- 
layer glass plates (10 cm X 10 cm) coated with Avicel 
SF cellulose were products of Funakoshi Pharmaceuti- 
cal Co. (Tokyo). 
2.2. Paper and thin-layer chromatography and elec- 
trophoresis 
The following solvent systems were used for paper 
and thin-layer chromatography: Solvent system I, iso- 
butyric acid-O.5 M Nl&OH, pH 4.3 (5:3, v/v); II, 
isopropanol-cone. HCl-H20 (70: 15: 15, v/v/v); III, 
95% ethanol- 1 M NH4 OAC, pH 7.5 (1: 1, v/v); IV, 
butanol-acetic acid-Ha 0 (5: 3: 2, v/v/v); V, isopro 
panol-cont. HCl-H20 (7: 1: 2, v/v/v); VI, 95% ethanol- 
HtO (4: 1, v/v). 
Thin-layer electrophoresis was carried out using a 
glass plate coated with Avicel SF cellulose in 0.05 M 
triethylammonlum bicarbonate buffer, pH 8.0 at 
25 V/cm for 15 min. 
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2.3. Isolation and characterization of m5 s2 U 
To see whether the thermophile tRNA contained 
any new modified components, 1.5 A 26e units of 
dialyzed tRNA were extensively hydrolyzed with RNase 
T2, and subjected to two-dimensional paper chromato- 
graphy (Whatman No. 1,40 cm X 40 cm) using sol- 
vent systems I and II, as described previously [131. For 
relatively large scale isolation of the new modified nu- 
cleoside, hereafter designated as S, RNase Ts digests 
of the tRNA (80 A see units) were subjected to two- 
dimensional paper chromatography (Whatman No. 
3 MM, 45 cm X 45 cm) using two sheets of paper. The 
superimposed spot containing Sp, Tp and 4-thiouridine- 
3’-phosphate was cut out and eluted with water. The 
sample was desalted by thin-layer chromatography us- 
ing solvent system III and then treated with E. coli 
alkaline phosphomonoesterase ndseparated by thin- 
layer chromatography using solvent system I. The 
spot containing Swas eluted with water. Desulfuriza- 
tion of S and related compounds and identification of 
S were carried out essentially as reported previously 
1141. 
2.4. Isolation of a tetranucleotide containing m’s2 U 
and its sequence determination 
Complete RNase T, digest of unfractionated ther- 
mophile tRNA (4000 A 26e units) were subjected to 
DEAESephadex A-25 column chromatography in 
7 M urea-O.02 M Tris-HCl, (pH 7.5 with a linear gra- 
dient of 0.14 M to 0.7 M NaCl, as described previous- 
ly [ 151. The peak eluted between the peaks of tetra- 
nucleotide and pentanucleotide was collected. Diges- 
tion of an aliquot with RNase T2 showed that it con- 
tained Sp and tip. This peak was further purified by 
DEAE-Sephadex A-25 column chromatography under 
acidic conditions [161 . The oligonucleotide eluted 
as the last peak contained approximately equimolar 
amounts of Sp, +p, Cp and Gp. This oligonucleotide 
(60AZ0 units) was dephosphorylated by treatment 
with phosphomonoesterase, ndpurified further by 
descending paper chromatography using solvent system 
I. Sequence analysis of the nucleotide was done essen- 
tially as described in the literature [151. 
3. Results 
3.1 Isolation and identification.of S 
The new minor nucleotide, Sp was located in almost 
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Fig. 1. Ultraviolet absorption spectra of S. pH 2.0 and 
pH 7.0 ( -); pH 12.0 (-----). 
the same position as Tp on the two-dimensional paper 
chromatogram. Based on previous results reported by 
Kimura-Harada etal. [ 141, this suggested that Sp may 
be ms s2 Up or derivative of it. 
Fig. 1 shows the W absorption spectra of S, iso- 
lated as described in Materials and methods. The spec- 
tra were identical in all respects with those of synthe- 
tic ms s2 U [ 141, at three different pH values, indica- 
ting that S is 5-methyl-2-thiouridine or a derivative of 
it. Table 1 shows the Rfvalues of S on thin-layer chro- 
matography and its relative lectrophoretic mobility, 
in comparison with those of ms sz U and related com- 
pounds. The mobilities of S were the same as those of 
synthetic ms s2 U in all systems tested, but different 
from those of 2-thiouridine and 2-thiouridine-5-acetic 
acid methyl ester. When S was desulfurized by the me- 
thod described in the literature [141, the product be- 
haved identically with ribothymidine on thin-layer chro- 
matography with several solvent systems and on elec- 
trophoresis, as shown in table 2. In addition, the UV 
absorption spectrum of desulfurized S was the same 
as that of ribothymidine (data not shown). From 
these results, the new modified nucleoside S was iden- 
tified unequivocally as 5-methyl-Zthiouridine. 
3.2. Presence of the tetranucleotide, Sp$CpGp in the 
RNase T, digest of the thermophile tRNA 
The RNase T 1 digest of the thermophile tRNA was 
fractionated by DEAESephadex A-25 column chroma- 
tography as described in the Materials and methods. 
Each peak was desalted, digested with RNase Ts, and 
subjected to two-dimensional thin-layer chromatogra- 
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Table 1 
Relative chromatographic mobilities and electrophoretic mobihties of S, 
S-methyl-2-thiouridine and related compounds 
Thin-layer chromatography 
Rfin solvent system Electrophoresis 
____ Ra’, (3’) UMP 
I IV V 
Nucleoside S 
S-Methyl-2-thiouridine 
2-Thiouridine-S-acetic acid 
methyl ester 
2-Thiouridine 
Ribothymidine 
Uridine 
0.60 0.57 0.50 0.18 
0.60 0.57 0.50 0.18 
0.64 0.64 0.55 0.32 
0.55 0.50 0.43 0.40 
0.59 0.54 0.57 -0.12 
0.54 0.43 0.43 0 
Table 2 
Relative chromatographic and electrophoretic mobihties of desulfurized nucleosides, 
ribothymidine and related compounds 
Thin-layer chromatography Electrophoresis 
Rf in solvent system VI Ra’, (3’)UMP 
Desulfurized S 0.61 0 
Ribothymidine 0.61 0 
Desulfurized 5-methyl-2-thiouridine 0.61 0 
Desulfurized 2-thiouridine S-acetic 
acid methyl ester 0.39 0.54 
5-methyl-2-thiouridine 0.65 0.18 
2-thiouridine 5acetic acid methyl 
ester 0.72 0.31 
Uridine 0.53 0.05 
phy to detect he modified nucleoside S. It was found 
that only the peak located between those of tetra- 
and pentanucleotide contained S. The oligonucleotide 
containing S was further purified as described in 
Materials and methods. The nucleotide composition of 
the RNase Ta digest of the purified tetranucleotide was 
found to be Sp, $p, Cp and G in the ratio, 0.97:0.92: 
1.04: 1 .OO. Complete hydrolysis of the oligonucle- 
otide by snake venom phosphodiesterase yi lded 
S as the sole nucleoside, indicating that S is located at 
the S’-OH end. The oligonucleotide (2 A ~c units) was 
partially hydrolyzed by snake venom phosphodiesterase, 
and the digest was subjected to two-dimensional thin- 
layer chromatography asdescribed previously [15 1. The 
RNase Ta digest of the dinucleotide, thus isolated con- 
tained Sp and $ in the ratio of 1.2: 1 .O. From these re- 
sults, the sequence of the tetranucleotide was concluded 
to be S-J/-C-Gp. 
4. Discussion, 
The modified nucleoside isolated from the thermo- 
phile tRNA was characterized unequivocally as 
S-methyl-2-thiouridine (m” s2 U). It was found that 
m5 s2 U was present in the sequence, G-m5 s2 U-J/- 
C-G, in the tRNA. This strongly suggests hat m5 s2U 
is located in the GTJ/C-region of the thermophile 
tRNA, where it replaces ribothymidine. This possibil- 
ity is supported by the following evidence. When 
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purified thermophile tRNAflMet was cleaved chemic- 
ally at the site of 7-methylguanosine, by the procedure 
of Wintermeyer and Zachau [ 171, the quarter of the 
molecule derived from the CGA-end contained one 
mole each of m5 s2 U and pseudouridine, but no ribo- 
thymidine (K. Watanabe and S. Nishimura, unpublished 
results). 
We also thank Dr. Z. Ohashi of the National Cancer 
Center Research Institute for his help in nucleotide se- 
quence analysis. 
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